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received training with both the sighting and non-sighting eyes, individually.
The third group was trained in the same manner as the second. group, except that
they were also trained to switch eyes during trackinDKtrals.. Each group.
rec'e(ivv(I 4 t raining days and one.test day.ý-j)n the test ay, a monocular full-
field flash was used, The volunteers were instructed to switch eyes and re-
acquire tljtýget with the non-sighting eye to complete the task, Analysis of
VarlancetC(ANOVA)5'for horizontal RMS error scores revealed no significant group
maiin Offet for either the sightin ek.e ebaseline or the non-sighting eye base-
line.1 T'he maximum absolute error (MAE) scores for Group 3 under both bright and
dim ambient light conditions were significantly better than Groups I and 2. It
was concluded that training monocular devices operators to switch from the sight.
ing r eye to the non-sighting eye following disruption of pursuit tracking
rvprv4_enrs a temporary solution to the debilitating effects of flash blindness.
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...A3STRACT

Shilftirng from the sighting to the non-sightinp oye rprr.,onts •i
possible solution for operators of monocular viewing deviunu (r.. ..
TOW, OLLD) whose vision is temporarily disrupted from the et'fcoto or
flash. Twenty-four male volunteers used a viscous-dampod mo)unt
optical tracking device to tiack targets at a constant angular .
velocity of 5 mrad/sec under bright and dim ambient light conditioe,-"
Pursuit tracking data were collected under simulated field conditions
(BLAS•R). Volunteers were randomly assigned to one .,f tho throe
groups. The first group received no training of the non-sighting oyo.
The second group received training with both the sighting And non. .. w .
sighting eyes, individually. The third group was trained in the aame
manner as the second group, exoept that they were naso trained to
switch eyes during tracking trials, Moach group roneivorl 4 tr-IirOngi
days and one test day. On the test day, a monocular ful l-f:10Hld flah
was used. The volunteers were instructed to switch eyes and roActquiro
the target with the non-sighting eye to complete tho taak. Anntly, i"m
of Variance (ANOVA) for horizontal RMS error scores revnnld no
significant group main effect for either the sighting eyo bualnvJlr or
the non-sighting eye baseline. The maximum absolute error (MAE) scurun
for Group 3 under both bright and dim ambient light condIti onn werE
significantly better than Groups 1 and I. It was concluded that
training monocular devices operators to switch from the sigh~tng eye
to the non-alghting eye following disrupt-ion of pursuit trwokirtq,
represents a temporary solution to the debilitating effects of I'Inl,,
blindness.
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FUMUIT rRX•rICQ PEPORNANC AND PFLM DISRUPTION: THME 1' WS o0
TRAININGO M NON-W-INIARN NYE OR TrGET~ RACQUrTON --
Molohany ot al

Within the current mi.litary arsenal are many weapon systems
requiring the operator to acquire, designate and track moving targets
by using a monocular optical device. The eye selected for a monocular
sighting task may be defined as the slghting-dominant eye (1).

If a soldier using direct view optics experienced a temporary lo-Es
of visual function in the sighting eye, he might be unable to complete
his mission. Impairment of visual function could result from expoaure
to many hazards on the battlefield. Pyrotechnics, high-intisiity
searchlights, electronic strobes, and the flash from a nnelonr
fireball represent some of the ocular hazards associated with the
battlefield scenario. Potential exposure to directed energy from laser
systems operated by enemy forces adds another threat to our combat-
troops. Within this scenario, the operator of such devices as laser
designators and optioally-sighted, wire-guided missiles may receive t, '
brief, Intense Inser exposure from Active threat devices. Vlash I k 4

blindness or ocular damage can result. Both can produce serious
decrements in performance. The magnifying opupes in nuch diviton ".
dynamically Increase the potential for ocular insult (P).

The menhanisms underlying ocular dominance are not completely
understood (3,4). SIghting-dominant eyes exhibit better visual aouJ ty
(5), image clarity (6), color perception (7) and A faster vinunl'
processing time (a) than non-dominant eyes. Also, with the sighting-
dominant eye, images may be perceived as being larger (r). This
implies that vision with the non-dominant eye has neither the ncnuracy,
nor clarity of the sighting-dominant eye.

Current military doctrine does not emphasize the cross-trninine.
of eyes for pursuit tracking tasks. An operator who has been ,xpouod
to a bright flash of light therefore could be eliminated -is fn
effective member of the fighting force. Shifting from the mightln, r
(dominant) eye to the non-aighting (non-dominant) eye may repreonti n
possible solution for the temporarily debilitati ng eff'eutr of flmnh
exposure. However, these tasks require extreme accuracy and to swlh th
eyes during a firing mIsi,j n without tr inine, tnou Id re nu1 I In mtirm onI-o

-..
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f ailure. Thus, we need to know the effects of training on the
reacquisition of targets if a soldier had to change eyes while
tracking. This study was designed to evaluate specific paradigms for
training the non-dominant eye for target reacquisition following flash
disruption of pursuit tracking with the sighting-dominant eye.

NFTHODS

Volunteers. Twenty-four experimentally naive enlisted men, (ages
1: to 35; mean age 24.6 yrs), from the 7th infantry Division, Ft. Ord,
C1.ifornia, served as participants. Each volunteer was administered a
su'ries of visual function tests to eliminate those soldiers with
visu-l deficits. The tests included a battery of ocular dominance
l, sts, the Snellen Visual Acuity Test, and the Ishihara Test for Color
Blindness (Kanchase Shuppan Co., Tokyo, Japan 1969). Ocular dominance
was dretaerined by the Box test, Card test and Pointing test from Coren
(3) and Crider (9). These tests are described in detail in Appendix
Only volunteers with 20/20 visual acuity (both. eyes), corrected or
uncorrected, normal color vision, and judged to be right-eye, right-
hand dominant were accepted as participants for this study. Of the 27
men tested, one was excluded by the visual function tests results and
two did not meet the right-eye, right-hand dominance criteria.

Apparatus. Pursuit tracking performance was evaluated in the
BLASER tracking simulator. The simulator consisted of a scale model
P-62 Russian tank target on a terrain board and a full-sized sandbag
bunker which housed the viscous-damped optical tracking device. The
tank was track-mounted and driven across the terrain in 2 directions
(loft-to-right, right-to-left). The tank traversed an arc located
approximately 5 m from the operator. The unity power optics located
in the tracking device simulated a distance of 1 km. The target
tr;iv,-e(]d ricross the terrain for 15 sec at a constant angular velocity
,("1 5 mirad/.s3ec. A 0.46-mrad square aiming patch was affixed to one

d., of the tank in n center-of-mass position. An infrared light-
!-n.i ttinr diode (IR LED), located in the center of the aiming patch,

wits imaged by a television camera mounted coaxially with the optics of
tfhe tracking device. The TR LED was invisible to the operator. Its
'.•i;l.flp orovided a reference source for the microprocessor and
:i:-co' inted software to monitor performance electronically.

The flash source was a V.-[vitar 125 photoflash unit with a green

Kaodik Wratten filter (No.58). An aperture was attached to the
photoflash unit to produce an 11.0 retinal imaqe. The flash duration
w;'s 115 ps and the radiance was 0.06 J/cm'sr. A flash of this
.rir.tnitidc elicited a startle response that induced the operator to
p'fI I his head away from the eyepiece of the device. The maximum
}:'radiance was one-eighth of the maximum permissible exposure (MPE)
,ivrn in TS MED 279 (10).
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r ai_-U-.. _erformanceý •aa were do4 under two amblent light

, onditions, bright and dim. Ph. dim-imbient-light condition was
reated by inserting a 2.7 OD neutral density filter in the optical
athway of the tracking device. The terrain luminance was measured

4 ith a Spectra Minispot Photometer. The average lumi ance at the
biective of the lens of the •raoking device was R50 lm/m ar with the C
ilter removed and 0.8 lm/m or with the filter in place. No lightIrom the terrain entered the bunker except through the tracking device
ptios. During the bright-ambient-light condition the luminance
nside the bunker was 5.0 lm/m 2 or. The bunker light was turned off i

Suring the low-light tracking condition. During the dim-ambient-light
Sondition the volunteers mat in the darkened bunker for approximately
SmIin to allow their eyes to adjust to the low-ambient.light level
thich approximated dawn/dusk, More complete descriptions of the BLASER
iyatem are included in reports by O'Mara et al (11) and Stamper et
"1 (12).

Procedure. A brief question and answer period and the
dministration of the visual test battery were conducted at Ft. Ord. 4',.'•

he participants were then assigned randomly in an exhaustive sequence
- •/wk), to one of the three groups (N-igroup) in the order they

' rrived at the Presidio of San Francisco. To begin the study, each
olunteer was seated in the bunker. Each tracking session started with
he target on the left side of the terrain board. Each trial wa;
initiated by the commands "READY", "GO". After each trial the
olunteers were instructed to "RELAX" until the next "READY" command.
lso they were given their summary statistics (percent time-on-target

,nd standard deviation score) for that trial. All volunteers tracked
n both directions (left-to-right and right-to-left).

Traw•aing. All groups received 4 days of training with the BLASER .'-

imulator. The first and second training days were the same for all
|roupb. On these days ail:volunteers received a total of 54 tracking
trials (Day 1i twenty-two 1-min trials; Day 21 thirty-two 15-aoc
'trials) with their dominant (right) eye. Under this paradigm, all
ývolunteors tracked the target for half the trials under the bright-
ambient-light condition and half under the dim-ambient-light
condition. All groups received 32 tracking trials of 15 see each under
!the two light conditions on training days 3 and 4. The sequence of
;switching eyes and the direction of the target were varied according
'to the experimental design. The total training of Groups 2 and 3 wei•
equivalent.

7* 7.71

† † † † † † † † † † † † † † † † † †".
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Group 1 (Control) 2)jghting with dominan't (right) eye only;
targ'et moved left-to-right on odd trials and right-
to-left on even trials.

Group 2 Sighting with right eye and then with left eye,
alternating every 2 trials (a total of 8 trials per
eye for each ambient light condition). Right eye
tracked target moving left-to-right and returning
right-to-left; then volunteer used left eye to
track target in both directions.

3roup 3 Sighting first with right eye then with left eye
within each trial. Volunteer switched from
sighting eye in response to auditory cue (clicking
sound of Uniblitz shutter) 5 to 7 sec into each 15-
sec trial. Target moved left-to-right during odd
numbered trials and right-to-left during even
numbered trials in both ambient light conditions.

Test Day. On the test day each volunteer was required to track
under 2 lighting conditions (bright and dim light). The sessions were
divided into 16 trials for each light condition. The volunteers were
told that an unspecified number of flashes could occur at any time and
were instructed to switch eyes when a flash occurred. Each volunteer
was 'given a total of 4 flash trials during the experimental session (2
flesh trials under each ambient light condition).

Test Scores, Statistical Design & Analysis. Each flash trial was
divided into 3 periods based on a visual inspection of the time series
plots of the aiming data. The first period was 2.5 sec before the
flash ond wns designated as the sighting-dominant eye baseline. The
middle period was 2.0 sec immediately after the flash and was labeled
flash disruption interval. The third period, labeled the non-dominant

:yte baseline, was 2.5 sec after the flash disruption interval. An
,cquistion period and trial termination period accounted for the other
2soc of the 15-sec period.
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Horizontal and vertical RMS error scores were co] Iocted with the
BLASER simulator. Horizontal root mean square (RMS) error scores were
used in the Analysis of Variance (ANOVA) to evaluate the tracking
period before and after the flash disruption periods. RMS scores were
computed from the following equation:

4 z(xi - xo) 2/N

Where: Xi - location of the crosshairs

XO - central aiming point

N = number of sample points

Horizontal RMS error scores describe how well a tracker is able to
keep the vertical crosshair of the reticle over the target patch. This
task, in its present configuration, is composed mainly of a strong
horizontal component. Therefore, only the horizontal RMS data will be
presented. The vertical RMS data, as expected, were highly similar,
but uniformly lower. (Additionally, while SD error scores were
calculated and an ANOVA run on these scores, that data also will not
be presented. The SD ANOVA results were identical to the RMS ANOVA
results. The RMS scores yielded a higher value than SD error scores
due to the use of a previously defined mean aiming point. The SD
error scores were based on an operator-defined mean aiming point.)

Maximum error scores were also generated on-line by a point-by-
point comparison of the data for each trial. The maximum error is a
good indicator of the magnitude of the flash effect (13). These
scores were converted to absolute values, averaged across subjects,
and recovery curves plotted. The maximum absolute error scorts
reflect the largest excursion from the center of the aiming p'itch,
without respect to the the direction of the excursion (lend vs l•ig).

The sighting-dominant eye baseline period wns an:nlyzed wi th ,,
3 (group) X 2 (light level) X 2 (direction) ANOVA. Thu; i]-, h
disruption interval and non-sighting/non-dominant eye baseline were
analyzed with a 3 (group) X 2 (light level) X 2 (flash order) X 2
(direction) ANOVA. The flash order factor was included to doteirminle
if performance was affected by the ambient light level where trie
tracker experienced his first flash. Order I was bright-ambient tight
trials followed by dim-ambient light trials (B/D) and Order 2 thU,
opposite (D/B). The direction main effect refers to the direction the
target was traveling (i.e. left-to-right or right-to-left).

The ANOVAs werp performed with BMDP Statistical Software progr,.i,
4V (14). This program includes a general purpose nnnlysis of var,'iann.,
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whi(,h provileg both univariatu arnd inultiva rlate analysez, and irioluden
repeated measures, split-plot, -ad -hkihgeovev design~i. In the -present
~nnsiysias groap and order were treated an bntween-group factors. Light
1rivel nnd direct,;oni wnre treated an within-group fac s. The AINOVA
troatod the model Rs n factorial design with repeate, iesaures. The
0.05 level was used for determining signifloance in sIli. cases.

RNSIJLTS

Sigh ting-Domi nant Eye Baseline. The 3-way ANOVA performed on the
lor zontal P.MS error scores to assess the effects of training on the

nig'iting-do.ninntit eye Indicated that group and direction main effects
were, not si gnif Ica~nt, F(2,21 )*0.02, P>0.05, and F(1 ,21 )-0.07, P>0-05,
ronjpectl voiy. As excpected, due to the increased difficulty in
i rscioknp performnnce under the dim-ambient light condition, -the light
.Ir,,ve I rin '.n ef f nct wa e si gni f Icant FU , P1)18.77, P.0.001 . These
-rrnulta lndin,,t~e that, there wore no significant differennes among the
pr on pr at i;h;,, end of Oiry tra~i ni ng period.

flffoetis of Training on the ?lash Disruption Interval. Figures 1
:q r) 2 depict the mnean maximum horizontal error soorso for the three
-rouý, under the bright and dim-ambient light conditions,
triruperŽLively. EIach filgure presentia the moian sigh ting-domi nant eye

lin~ineflash disruption interval and non-sighting eye baseline
p)t.,rlods for each group. During both baseline periods little
di i re renco were exhi bJ ted among the groups. However, during the
fl-inh disruption Interval the data indicated some aspect of the
f tri i il ip rqceiived by Group '5 significantly reduced the magnitude of
the mnitimum excursion from the center of the target.

Thp 4-wiay AMOVA performed on the viaximum nbsolutiq error scores to
MIMn110 th#sip offecta confi rmed the differenneu observed In Figures I

F 'mndl2 The ANOVA rrjvenled ainnlfloant MMITI eDfffect for both group and
I -,ht. level , F(2,18)-5-33, P<0.05. and 7(1,18)u7.1i2, P<O.05,
reoipoctively. Wo sIgnficant effects were found for the main *Affect of
ur~lor and direction, F(i ,18)-2.42, P>0.05, andl F(i ,18)-2.82, P>0.05,
ron.pectively, or any Interaction containing order or direction.

E~ffects of Training on the Non-Sighting Eye Baseline. The 4-way
ANnVA wna performol' on the horlerontnil RMS virror scores to Posess the

~trnnof the trtiinlilrg regimen on the non-sighting eye. The ANOVA
rrtvwale' that the main effect for group was not significant
i(.(,11 )-1-36, M-o05. However, the main effect for direction nearly
mohloev adlgnlfioeanacý, F(i ,18)-l .44, P-0.08. Light level was
oignif~icant, F(1,S)i9 , P<0.001. Also, order was significant,

I?(,1)-i.3,P<.03.Thnse results indicated that significant
d I tt'fr~rviep existed between trackers, depending on whether they
o'xpo~ r.I eucorl their firiit flash under the bright or dim ambient light

nrd lo n.
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DISCUSSION

A single full-field green strobe flash produced significant
disruption of pursuit tracking performance under both bright and dim-
ambiont light conditions. The flash subtended approximately an 110
fiPld of view. During the flash disruption period when the target was
completely obscured due to flash blindness, the trackers switched from
the sighting-dominant eye to the non-dominant eye and resumed
trncking. Under dim-ambient light conditions where the trackers were
partially dark-adapted, horizontel MAE scores were significantly
higher than during the bright-ambient light trials. RMS error scores
under the dim-ambient-light condition were also higher than during the
bright-ambient-light condition. Previous BLASER simulator studies
(12,13,15) provided similar results with respect to light level and
ful ).-field flash.

The results of the ANOVAs performed on the dominant eye and non-
dominant eye baselines showed that both group and direction were not
s'i n ificsnt. This indicated that during the dominant eye baseline the
performanco level before the flash disruption interval was the same
for :,ll groups. During the non-dominant eye baseline, this indicated
that the groups had achieved approximately the same level of recovery
at the end of each trial. However, the level of recovery was not
equol to the dominant eye baseline performance level.

During the dominant-eye baseline period, target direction showed
no statistical significance. However, during the non-dominant eye
baseline we anticipated that target direction would be statistically
srgnificant. Our assumption was based on the head movements involved
in eye-switching while performing pursuit tracking tasks. When the
target moves to the right, body motion and eye-switching are rightward
motions. Since the head motion "follows" the direction of travel and
body motion, the eye-switching movement is smooth and easy for the
right-eye dominant trackers. When the target moves to the left, body
notion is the same; however, the eye-switching process invloves a
rig.htward head motion to align the non-dominant eye with the ocular.
The -!egree of difficulty may be higher for a target travelling to the
I½ft. For left-eye dominant trackers the leftward motion of the
,:,rgc'o, ,nd body would facilitate smoother eye-switching than the
ri,!ýbtwnrd motion of the target and body. Our data showed a
pro,,|)i li ty of significnrnce (P=O.08) but did not re-ch the level of

;,onVi 'i,,n,: we f,,,I; (mP<O.05).

'I'hi: .t.udy uti liz,/o( ii frul .- field flash to elicit a startle
"r.:'tr":-e of' , ma-gnittire such that the operator reacted by pulling his
h:,,l ,,w[y from the eyopiece. This reaction facilitates eye switching.
V'" ,i. rlsih w'as ,tnnlegous to exposing the collecting aperture of the
,n:t•.',ifyinng optics to n C02 laser. The subsequent reradiation and
fiN:rh nf'foe,'tn, ,x',pt I'or the color of the flash, would be similar to
11w,, I ,h m-'ed in lhii, -•I o y. Sma 11er f]•iasheio (100 micron retina
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ener'gy density, pulse durationi, nnd.number of' pulses. Thene I oto~r~itmay produco effects much more functionally disruptring thatn th~ooo
produced by a broad-b~and source. Tf, these factors did not producin u:
large a startle r'~sponse as reported *in thin study, the opera~tor inny

be ble to z'etainh vitsual- on~tact With the target ( 11). 'The reduced

startle tesponiie -could, in turn, reduce orror soorea And denretian tliv

maxImuim deviiation when the operator switches eyes.

COOOLUBIONS AND MDOONKEA'flON8

Current training regimens do not,.p typically, specify, eyet cho Ic e..
Configuration of the hardware may determine the eye the operator must
use. Training operators of monoctilar optical devices to awiwtch from
the dominant eye to the non-do-ninant eye t'eprestnts *a posoiblo
solution to the immediate effects of flash exposure - flash blindiness.
With this training the operator would be able to complete the mn-i~ion. '

These data suggest that if the flash occurred early in tho trac'king~
phase of a firinq mission soldiers, after a nhort disr'uption pr~t'1oi,

trained with this procedure.

woul beabl t~ e-Mquio th tn~et~ir~ h~t t~ tirp~t .f tr'ywnr

I11

&A itjk.
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SCR EFIN IGNO OF 'TEST SUBJFC1(P'I'

To simplify the intfrprotation of the Initi nl rbitri, the f'oI oW'i ng
criteria must be met by each subject:

a. Corrected acuity of 20/20 or better in each eye tested at both
near (30 cm) and distance (6m).

b. Normal color vision as manifested by a perfect score on the
identification of symbols in the first 21 plates of the Ishihara Test
for Color-Blindness (Kanchara Shuppan Co., Tokyo, Japan, 1969).

c. Dominance testing - Volunteers must be judged to right-eye
dominant in accordance with the tests outlined below.

TESTS FOR OCULAR DOMINANCE

TEST I. THE CARD TEST

Three cards 7.6 cm x 23 cm. One is covered with black paper, one
with blue, and one with green. In the center of the green card is a
round red spot, on the black a gold spot and on the blue n red spot.
The spots are the size of the end of an unsharpened pencil. Three
other cards, of the same color, 6.0 cm x 17.5 cm, in the center of
which there is a round hole of a size through which a round pencil may
be inserted snugly.

Directions: The examiner takes the black card with the hole in
the center and holds it momentarily about six or eight inches in front
of his eyes and says at the same time, "I want you to hold this c,:ird
in both hands and look through this hole." He then hands the c~r.d to
the examinee. The examiner then picks up the black card with the goLd
spot and holds it in front of his face just below his eyes so that the
spot is about even with his nose. The examiner then instructs the
examinee to look at the spot first and then bring the card up in front
of his face about six or eight inches in front of his eyes keeping
both eyes open and look at the spot through the hole. Repeat with th,-
remaining two cards. Record the oightinp eye for each card. The ,.ort,
Is not counted on the first card .l nce it is usd to get the ex',min,,,,
adjusted to the teat.

A ppc',,l i '<
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TEST T. THE BOX TEST

A 5 x 7 x 12 cm box is made out of cardboard. The ends are left
open, Through the shorter distance of one end was inserted a black
pipe cleaner and through the other end a white pipe cleaner. This
mad 9 the pi pe cleaners 9.6 cm apart.

DI rections: fold the box about six or eight inches in front of
your face uninlg both hnnds without definitely aligning it with either
eye. Tell the examinee to line up the black string with the white
strine keeping both eyes open. Record the sighting eye and repeat the
test but turn the box aound- so that the opposite string is facing the
ex~1m3 nec.

TI, T IfI. THE POINTING TEST

No equipment necessary.

Mirections: The examinee should be seated approximately 3 feet in
front of the examiner. Instruct the examinee to point a your nose.
Rweord which eye the finger is aligned with. Repeat the above step,
but h-ve the examinee use the other hand. Repeat this twice so you
hrnve two scores for the right hand and two scores for the left hand.

Appendix (concluded)
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